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A Comparative Study of the Spores of Coceomyces Eiemalis
on Different Varieties of Sweet and Sour Cherries
I. Review of the Literature on the Subject
Higgins (1) working at Ithaca, Hew York, has made an ex-
haustive study of this disease upon its various hosts. He reports
that the fungus was described by Zarsten in 1884 from leaves of
Prunus padus t and in 1901 Aderholdt characterized the disease as
being common on both sweet and sour cherries during the past ten
years.
The life history and structural characters of the fungus
were carefully studied by Higgins, He distinguishes at least three
species of Cylindrosporium parasitic on species of the genus Prunus,
the conidial stage of which resemble each other very closely. He
describes the conidia as being long, slender, curved or flexuous,
and continuous or 1 to 3 septate. He also notices several minor
differences which are not very distinct as the conidia varies on
each host. The conidia from plum leaves of all three species were
found to be more constant than those from cherries, being blunt at
the proximal end, tapering gradually and being mostly once septate.
The largest spores were found on Prunus serotina and Prunus virgin-
iana
. On both species spores measuring 45 to 80 microns in length

2were found while on no other species were they found so long as 80
microns*
The three species were separated from each other by the
structural characters of the ascogenous stage upon the different
hosts. The first group includes all those which have the type of
development found on Prunus avium , in which the ascocarp extends
from one epidermis of the leaf to the other, in contrast with those
in which the ascocarp is only sub-epidermal. They are distinct in
size, shape and position of the ascocarp.
There are two groups of those having the sub-epidermal
ascocarps. On plums (Prunus domestica and Prunus insititia ) the
fruiting bodies are coal black in color and grouped in clusters, the
asci are smaller and more slender, and the spores are more slender
than in either of the other forms.
In contrast to this he found, on Prunus virginiana , Prunus
serotina, and Prunus mahaleb
.
the light (yellowish-brown to dull
orange) colored fruiting bodies, larger asci, and conidia much larg-
er than in the other form.
The results of his cross-inoculations show a correlation
of hosts with characters of the ascogenous stage, and in no case did
he succeed in transferring, by inoculation, the fungus from hosts of
one group to hosts of another group.
Besides the cylindrosporium conidia, three other spore
forms were separated by Higgins in the life cycle of the species
studied: (1) microconidia, (2) ascospores, and (3) apothecial co-
nidia. All of these except the microconidia are known to propagate
the fungus on living leaves.

3The perfect stage of this fungus falls into the genus
Coccomyces and because of the structural and "biological differences
mentioned above, Higgins divides the genus into three species as
follows: Coccomyces hiemalis to include the forms on Prunus avium
,
Prunus cerasus , and Prunus pennsylvanica ; Coccomyces prunophorae n,
sp. to include the forms on the plums Prunus americana , Prunus
domestica and Prunus insititia; and, Coccomyces lutescens n, sp* to
include the forms on Prunus serotina
.
Prunus virginiana , and Prunus
mahaleb ,
Eeitt, (£) working at the University of Wisconsin, carriec
on investigations and inoculation experiments with Coccomyces spp,
and has brought forth some interesting facts regarding the relation
of the different species of the fungus to each other and to their
hosts. His work was unfortunately interrupted by the war before
its completion but many valuable facts had already been obtained.
In this work more than one thousand inoculations were made under all
conceivable conditions, both in the greenhouse and in the field, and
the results tabulated. Due to the decidedly technical nature of
this work only a brief summary will be included here and will be
stated practically in the author's words.
From the standpoint of host relationships, the strains of
fungi studied are tentatively grouped as follows, according to the
host from which they were obtained: (1) Prunus cerasus , Prunus
avium
.
Prunus mahaleb and Prunus pennsylvanica ; (2) Prunus domes-
tica ; (3) Prunus virginiana ; and (4) Prunus serotina .
The plants inoculated varied widely both in the range and
the degree of their susceptibility to inocula from the various
sources, Prunus mahaleb had a wide range of susceptibility, being

4infected in various degrees by inocula from all sources tested.
Prunus insititia was one of the most susceptible plums, followed by
Prunus cerasifera , while Prunus serotina and Prunus rirginiana were
notably resistant.
The practical value of these experiments lies in the fact
that they show that under Wisconsin conditions no serious infection
of cultivated cherries is induced by inocula from wild hosts, with
the possible exception of Prunus pe nnsylvanica . Prunus americana
,
however, may act as a harbor for infectious material for cultivated
plums.
II Preliminary Observations
During the summer of 1919, a serious outbreak of this dis-
ease occurred in the young cherry orchard on the Universit y farm at
Urbana, Illinois. No protective spray had been applied as the dis-
ease had not been present before with the exception of a very light
infection on older trees nearly half a mile away. This, together
with many other observations of a similar nature, points to the fact
that the disease is much more serious upon young trees than upon
older ones. Nurserymen report serious losses from the disease upon
young trees. (3)
As this orchard is composed of some thirty varieties of
sweet and sour cherries it offered a splendid opportunity for ob-
serving varietal resistance and any change in the character of the
injury caused upon the different varieties. Upon glancing over the
orchard, considerable difference in the amount of defoliation could
be noticed upon the different trees.

5The general character of the disease differs markedly up-
on the sweet and sour types. Upon the sweet or large leaf type,
(Primus avium ) the spots are smaller and very numerous, sometimes
covering nearly the entire surface which, together with the yellow-
ing of the unaffected tissue, often gives a deep bronze color to the
leaf. Badly spotted leaves fall from the tree but shot-holes are
rarely formed.
Upon the sour or small leaf type , (Prunus cerasus ) the
lesions are larger but less numerous. There is a greater tendency
to show yellowing and a slightly greater tendency for the affected
portion to drop out, causing the shot-hole effect. In no case on
cherries of either type is this tendency so pronounced as in the
case of plums where in nearly all instances the affected portions
fall out leaving a decided shot-hole appearance.
Ill Varietal Susceptibility
A detailed study was made of twenty-six varieties to de-
termine their relative susceptibility and resistance to the leaf-
spot disease. The observations were all made upon the same after-
noon (August 22, 1919) and specimens of each variety were collected
for further study.
The results of this observation follow in condensed form:
Montmorency Ordinare (Prunus cerasus )
Defoliation 65 percent.
In the tops of the trees some leaves were retained on the
ends of the branches. The leaves turn yellow before falling
and are not retained when badly spotted.

6Early Richmond (Prunus cerasus )
Defoliation 55 percent.
Symptoms the same as above
•
Dye house (Prunus cerasus )
Defoliation 55 percent.
Symptoms the same as in Early Richmond but slightly more
shot -hole
•
Olivet (Prunus cerasus )
Defoliation 30 percent.
Very slightly attacked, only the oldest leaves being lost,
and this probably was not all due to leaf-spot as there was
also a large amount of mildew present. Uo shot-hole. Oldest
leaves showed considerable yellowing.
Terry Early (Prunus cerasus )
Defoliation 65 percent.
There was very little shot-hole but the leaves showed a
decided yellowing before falling.
Wragg (Prunus cerasus )
Defoliation 85 percent.
This variety exhibits a marked tendency to form "spurs"
and these were completely defoliated, the only remaining leaves
being confined to the ends of the long branches. The leaves
fall off before turning yellow and due to this, the tree does
not show yellowing. As the infected leaves fall very quickly
those remaining have few spots.
Suda Hardy (Prunus cerasus )
Identical with Wragg.

English Morello (Prunus cerasus )
Identical with Wragg and Suda Hardy but even greater de-
foliation.
Ostheimer (Prunus cerasus )
Defoliation 95 percent.
The only leaves remaining were a few (1 to 6) upon the
ends of the stronger branches. Small wiry shoots were sent
out as a secondary growth from the limbs and these, also, were
nearly completely defoliated. The spots were very numerous
and as the leaves fall easily, there was very little yellowing.
Princess Christine (Prunus avium )
Defoliation 90 percent.
Yellowing pronounced. Some shot-hole.
Burbank (Prunus avium )
All of the first foliage lost. A new growth had started
and most of this was badly spotted. No shot-hole. Ho yell-
owing.
Hapoleon (Prunus avium )
Defoliation 90-95 percent.
The lower branches were almost completely defoliated. It
is the habit of growth of this variety to send four to eight
rapidly growing branches straight up thru the tree. Upon
these about 50 percent of the leaves were still retained. This
is probably due to the fact that these parts continue to grow
thruout the season as is also true in the case of the variety
Windsor. Spots numerous. Leaves turn golden or yellow. Ho
shot -hole
•

Windsor (Prunus avium )
Defoliation apparently about 30 percent.
The spots are numerous on old leaves but entirely absent
on the younger ones. This variety seems to have a continued
growth thruout the season and thus the younger leaves have es-
caped infection. There is no evident line between the old
growth and the new foliage sent out to take the place of that
lost by defoliation, as is the case in some varieties, but the
whole tree seems to have continued to grow thruout the season.
No shot-hole. Infected leaves turn yellow to bronze.
Rockport (Prunus avium )
Defoliation about 70 percent.
All leaves infected. No new growth. Spots very numer-
ous, more so than upon any other variety observed. No shot-
hole. Infected leaves turn yellow to golden.
Governor Wood (Prunus avium )
Defoliation apparently about 20-£5 percent.
This variety, also, had made a continuous growth. The
spots on the old leaves were very numerous, but the new leaves
were not infected. No shot-hole. Infected leaves golden.
Yellow Spanish (Prunus avium )
Defoliation about £0 percent.
All leaves were badly spotted but the infection seemed to
have had little effect upon the foliage. Only the very oldest
leaves showed even a color effect, these being a bronze or a
yellow golden.

9Paul (Prunus avium )
Over 90 percent of the old foliage had "been lost. A few
sprouts had renewed growth. Spots numerous but no shot-hole.
Bing (Prunus avium)
No defoliation but all leaves were heavily infected. Ho
shot-hole. Infected leaves turn yellow-golden.
Black Tartarian (Prunus avium)
Defoliation 65 percent.
Spots very numerous but no shot-hole. Young leaves re-
tained. Infected leaves turn yellow to bronze.
Lambert ( Prunus avium )
About the same as Black Tartarian.
Schmidt Bigarreau (Prunus avium )
Defoliation 20 percent.
Spots numerous on all leaves but foliage retained. Ho
shot-hole. Infected leaves bronze.
May Duke (Prunus avium X Prunus cerasus )
Defoliation 60 percent.
The remaining leaves were in dense clusters at the ends of
the branches, and were from a secondary growth due to the loss
of the first foliage. The new leaves were not infected. Spots
numerous but no shot-hole. Infected leaves bronze colored.
Royal Duke (Prunus avium X Prunus cerasus
)
Defoliation 65 percent.
About the same general symptoms as May Duke, excepting
that the spots are not so numerous, less definite, and more
scattered. No shot-hole.
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Late Duke (Primus avium X Prunus cerasus )
About the same as Royal Duke.
Reine Hortens e (Prunus avium X Prunus cerasus )
Defoliation 95 percent.
The terminal bud had developed producing a new crop of
leaves which were beginning to show signs of infection. The
spots were very numerous and of a deep red color* The leaves
drop before yellowing.
Margarite (Prunus avium X Prunus cerasus )
All leaves were off except a few in the top of the trees
which probably developed from terminal buds. Decided yellow-
ing. Spots on the green leaves deep red. Ko shot-hole.
From a study of these observations, the following groups
of varieties were made, classifying the varieties in respect to theii
relative resistance or susceptibility to the disease:
Resistant
Schmidt Bigarreau
Olivet
Bing
Windsor
Governor Wood
Moderately Resistant
Yellow Spanish
Napoleon
Montmorency Ordinare
Early Richmond
Dyehouse
May Duke
Royal Duke
Late Duke
Susceptible
Burbank
Rockport
Paul
Terry Early
Wragg
Osthe imer
Lambert
Suda Hardy
English Morello
Princess Christine
Reine Hortense
Margarite
Black Tartarian
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Due to the variations in the susceptibility of the differ-
ent varieties, several questions or possibilities arose which seem-
ed worthy of further investigation:
(1) Is the fungus the same on all varieties of cherries,
or are there different species of the fungus or different varieties
of the same species?
(2) If the fungus is the same specie, does it differ
morphologically when grown on different varieties of cherries? If
this is the case many of our species might be different forms of the
same species which vary morphologically upon different hosts.
IV Spore Measurements
At the time the foregoing observations were made, infected
leaves of each variety were collected and set aside for a study of
the spore characters.
During the fall of 1919, a detailed study was made of this
material in an attempt to answer the questions which presented them-
selves upon field observations and an external examination. All
the material used was collected upon the same day and care was taken
to obtain material in the same stage of infection as nearly as was
possible. At the time that the leaves were collected the conidia
were showing as a cottony mass upon the under surface of the infect-
ed leaves. All the material was kept in the laboratory under the
same conditions thruout the time it was being studied.
Any morphological difference in the fungus would likely be
most manifest in the character of the conidia, and upon this assump-
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tion a study was made of the spore forms upon infected leaves from
each of the varieties described under field conditions. One hun-
dred spores obtained from different leaves of the same variety of
cherry were measured microscopically, using an eyepiece micrometer
and the oil emersion lens. In all cases only characteristically
shaped spores were measured, immature or deformed spores being ig-
nored •
After the first set of one hundred measurements from each
variety had been completed a second set of measurements of twenty-
five spores from each variety was made to serve as a check. In the
first case, the average of a large number of spore measurements was
taken to eliminate the chances of error so far as possible and to
more nearly approach the mean. The check measurements were made
from different material than that used for the first series and no
references were made to the results of the first set of measurements.
In fact, both series were completed before the averages were made or
the results in any way compared.
In this way a comprehensive idea could be obtained as to
the constancy with which the spore measurements approached the aver-
age as obtained by the first series of measurements. For instance,
had the average of the original one hundred measurements and the
average of the check twenty-five measurements corresponded closely
in all cases, we would be safe in assuming that this figure was con-
stant for that variety. Therefore, any difference outside the
limit of experimental error that the average measurements of spores
grown on each of different varieties show, might be attributed to a
morphological difference in the fungus caused by growing upon that
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certain variety.
On the other hand, if there is no correlation between the
averages of the two sets of measurements, it is unlikely that the
difference in the averages of spore measurements from the different
varieties of cherries has any significance and is probably only due
to individual variations in the spore forms.
The results of these measurements are given in tabulated
form in Table 1. The column headed "Variation in length" is the
difference between the average of the original one hundred measure-
ments and the average of the check twenty-five measurements made
from different material of the same variety. The varieties are
listed in the ascending order of the averages of the one hundred
measurements.
In the spring of 1920, spores of the perfect stage were
examined but not in such great detail. Their size and form corres-
pond closely with the description given by Eiggins.
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V Conclusions
From a careful study of the details embodied in Table I,
the following conclusions are drawn:
1. There is a decided variation in the size of the spores
on any individual variety. For example, on the variety Abbesse D 1
Oignies the spores varied from 46 to 87 microns.
2. There is a great variation in the average size of
spores examined upon different varieties. This variation is suffi-
ciently great that when taken alone it would indicate that there are
several species of Coccomyces present, but when all the varieties
are considered it is evident that there is a graduation from the
maximum spore form to the minimum, thus indicating that we are deal-
ing with one species with wide variations.
3. The size of the spore is not constant on any one var-
iety. This is shown by the variations in the averages of the two
series of measurements from each variety.
4. There is little evidence that the variety of the host
has a marked influence upon the character of the spores. In some
cases, however, the host variety seems to exert a slight influence
upon the spore character. For example, on the variety Reine Hor-
tense all the spores were decidedly slender, and on the variety
Yellow Spanish the spores showed a decided tendency to be club-
shape d •
5. The evidence of there being a single species and form
upon all varieties is strengthened by the fact that natural cross-
infection must have taken place in this isolated orchard. That is,
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if there was a different species or a different biologic form for
each variety, the infection would not have been so wide -spread as
the original infection must have come from one or a few trees,
6. There is no correlation between the forms of spores
grown upon Prunus avium , Prunus cerasus , or upon the varieties which
are a cross between the two, but there seems to be cross-infection
as readily as within a single species. This is in accordance with
the findings of both Higgins and Keitt.
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